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T;Arkansas Water ResourcesCentg;-\
:  Aprit6and 7

1993 RESEARCH CONFERENCE

 SCHEDULE OF ACTIVITIES

N TN

1:30 pm Welcome - Kenneth F. Stecle, Divector
. Arkansas Water Resourtes Center

| 1:35 pm : ‘Workshop *Phosphorus Management forAgncuIIure and Water
Quality" by Andrew Sharpley, USDA-AgricuItura! Raeamh Service,
National Agncuuural Witer Quality Laboratory, Durant, OK

6:00 pm Evening reception
. 8:00¢0  Registration |

] 8.:30 am Iniroduction - Kenneth F. Steele, Director
: Arkansas Water Resources Centér:

$:353m . Presentations om Arkansas studies mvo}ving phosphoms- '
Moderator David Parkér; Associate Director Arkansas Water-
Resovrces Center and Professor of Civil Engineering

Soi! Fertility Phosphorus Statiis qf Arkonsas Smts
Wayne E. Sabbe, Deparlment of Agronomy !
~Unwersity of Arkansas, Fayetteville ' i

Immeobilization of Pho.sphoms in Poultyy Lister With' _ o
Aluminum, Calcium, and Jron Amendments A _ 3
Philip Moore, USDA Agriculfural Resurdl Services ’
University of A rhkansas, F:yettcvme

it g m il

" Transport of Phosphorus from Land Areas % reated with
Animai Monures
Dwayne R. Edwards
Department of Biological and Agricultural Engineering
University of Arkansas, Fayeﬁevﬂ!e _ ONRC 00585
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Prescntations on Arkansas stnd:es mvolvmg pkosphoms contim.;-

Sparml Rdanonsbips Between Phosphorus and Aqueous Pﬁosplwms
Concentrations in the War Eogle Watershed .
"H. Don Scott, Department of Agronomy

University of Arkansas, Fayetteville

Phosphorus Dyaamfcs in Streams and Rescrvm of the
Western Ovark Platean =~

Richard L. Meyer, Department of Bwlogiczl Sciences
University of Arkansas, Fayettevﬂle

Mi; m:mzmg Surface Water Euh'apkxcaaon by lesphoms Managemem
‘Tommy Daniel, Department of Agrvonomy
University of Arkansns, F:yetteville S

Panel Discussion: Phosphorus Issues/Problems/Solutions
Modmtor: John T. Gilmunr, Department of Agronomy Chairperson

" Allen Carter :
Arkansas Gaime & Fish Commnsswn N
Little Rock, Arkansas '

- John Giese
~ Arkansas Department of Pol]uuon Control & Ecology
" Little Rock, Arkansas '

Tom McKinney
Representative of the Ozark Hendwatm Group of the Sierrs Club

'West Fork, Arkansas '

. Raopnie Murphy
U.S, Soil Conservation Sexvice .
"Little Rock; Arkansas

Andrew Sharpley

USDA-Agricultural Research Service, ’
National Agricultural Water Qaallly L:bora(ury
Durant, Oklahoma _

Ear) Smith '
Arlansas Soil & Water Couservaﬁon Comm:ssxon
Little Rock, Arkansas

- 12:30 pm to 1:30 pm- Luncheon in Atriom, with awards given for outstanding
.comributions to Arkansas Water Resourees.

2:00 pm ¢ 4:00 pm- Demonstration of lhc use of Geographic Information Systems
{G18) in water resource studnes. .
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for Alll‘ltlll[lll‘b,
Water Qualicy

Crop Harvest

Minsral Ferlilizer .

Crganic Monure

workshop by ONRC 00587
Andrew Shampiley _
USDA—A?S National Agricuttural Water Quality Leborofory ~
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PHOSPHORUS HAHAGEMENT FOR AGR]CULTURE
AND ‘WATER QUALITY’

© Andrew Sharpley - '
USDA-ARS, National Agriwlturaf Water Qual'ty Labqratory. .
‘ P ‘OT'BOX 1430, Durant ékiahoma e

Eutréphication of surface walers car bis accelerated by-an'
incressed input of nuirients, which limits water yse for
fisherigs, recreation, industry, or dnnklng. Although mtrogen
(N) and carbon- {C) are associated with eutrophication, most
attention has focused on phosphorus (P) inputs, because of
the ditficulty in controliing the extchange of N and C betwéen
the atmosphere and water, and fixation of atmospherio N by
o some' biiie-green algae. Thus, P efien limifs eutrophication
" and its control is of pnme lmportance In decreasmg
accelerated eutrophication. - - L
Extensive surveys and research has shown that the - - -
trophic state or biological productivity of lakes increases with
the P content of lake water {Fig. 1). in Flgure 1,lake
productivity is quantified by chicrophyil Confent. However, - R o
dynamic lake propeﬂzes and site vanabrmy mean that these, » :
are guidelines only: In terms of general lake use, ohgo!rophic
Jekes create no problems, mesoirophic-lakes creaie some
problems, and eutrophic and hypéreutrophic lakesposemany '
problems for most users. In-lake P. cooéentrai‘dns bétwien
10 and 20 ppb are considered critical values .above which
eutrophication Is accelerated. Thése valués are an order of
magnitude lower than P coricentrations in soil solution crifical
for plant growih (200 to 300 ppb). The disparity between . _
eritical soil and lake water P concentrations, in terms of = - S
bioproductivity, emphasizes the sensitivity of ecosystems to :
potential inputs of P from agriculiure.
Due to the easier identification” and control of point’
sources of P and a lack of difect human heaith risks
associated with eutrophication, less attention has been given

,
b A e A M

1 ' "~ ONRC 00588
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.

LAKE PRODUCTIVITY (Chiorophyll, ppb)

Tt
IN-LAKE P concsma;mon (ppb) i
F”a'ghré' 1 . Lake productivity, as chlorophyil content, mcreases |

wrth P concentration of iake watar

Cetmee o .
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io management strategies minimizing nonpoint transport of P
from agricultural tand. However, the negative impacis of P
must be balanced with the benefils of P use.” Profitable crop
production depends on a sound P-management program as
well as several other factors; and_judicious fertilizer use can
reduce erosion and runoff potential by increased vegetative
cover. Clearly, P management is of agronomic and
environmental importance. Thus, soils and management
practices that are vulnerable lo P joss, must be identified 10 .
‘implement efiective ‘and econommally vsable management
systems that minimize P transporl.

' . Before we can develop sustainable management sysiems
for P, we need to understand what forms of P oocnr in soll,
““their planl availability, and the proeesses controlling soil P _
removat and transport in runoff. Using this information, we

' can essess how to manage agricultural P to maximize soil .

. productivity, while minimizing P transport and identify fields
vulnerable to P loss in runoff.

Forms in Soil

Soil P exists in inorganic and erganic forms (Fig. 2). 'In
most soils, the P contént of surface horizons Is greater than
subsoil due o the sorplion of added PP and greater biologrml
activity and accumutation of orgramc material in surface layers.
Soil P content varies ‘with parent material, texture, and
management factors, such as rate and type of P applied aﬁd
soil cullivation. These factors also ‘influence the relative -
amounts of inorganic and organjic P.” in most soils, 5010 75%
of the P is inorganic, a!though this fraction can vary from 10
to 80%. '

For simplicity we have assumed soil test P is the pnmary
source of P for plant uptake, anhough we know sofulion P is
aciualy takeit up by plants (Fig. 2). Adsorptlon and
desorption of P occur between soil test P and unavailable
forms (fixed, occluded, or stable P}, as a function of soil
properties such as iron, aluminum, and calciom content.

ONRC 00580
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| crop
~ HARVEST
AN MINERAL |
ORGANIC AL
MANURE | FERTHZER

PRGN R X X N T e m e nee o ®s wh
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ORGANIC 4

TP [ soi TesT | [ INORGANIC P
_ o ,

l?igljre.zf. The soil phosphorus cycle.
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Adsorption of P by sml occurs rapudly and because of the high.
binding energy between soil and P, adsorption tends to
dominate desorption. Thus, a general decrease in soit P
availability occurs afier P is applied {Fig. 3). If soil test P
_decreases below & critical level, desorption of unavailable P
~ can occur, but usually st a rate too slow to satisfy crop P
. requirements. The crifical soil lest P level of a given soil is
determined by the content and activity of iron, aluminum, and
calcium compounds adsorbing P.
Mineralization of organic P and immabilization of Phby’
transformation of inorganic to organic P, make organic P a
-variable but important form in overall sojl P ferility. Continual
soil cultivation generally decreases soif organic Pcontentand
overa!l mherent soil fertility. ‘In some cases, mineralization of
grganic P can supply sufficient P for crop growth. Thus, soil
P fests should give credit for organic P mineralization i in 1hese
solis to minimize the polential f for over P ferhltzaﬁon

Transport ln Runoft

The loss of P in runoff occurs in dissolved and sediment-.
bound forms. Dissolved P is comprised mostly of
orihophosphaie which is_immedialely available for algal
uptake. Sediment P includes P sorbed by $oil and organic

" material eroded during runoff and can provide a variable (10
10 90% of fotal P) but long-term source of P to aquatic biote.
Runoff from grass or forest lend cames litthe sediment and is
doniinated by dissblved P, whereas sediment P is the mafor
. form of P transported, from conventionally tiled land (75.to
05%). As a resuit, erosion control is of prime importance in
' minimizing P loss from agncxmural land.
~ The rain factors controlling P loss in “runoff are
" conceptualized In Figure 4. The firsi step in the movement of
P in runoff is the desorption, dissolution, and extraction of £
from a thin iayer (0.04 to 0.12 inch) of surfaoe soil and ptant
material (Fig. 4). The remaining runoff percolaies through the
soil profile where sorption by P- deficient subsoils results in

ONRC 00592
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‘Figure 3. Plant availability - of phosphorus decreases with .
time after apphcatlon :
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SURFACE i STREAM FLOW LAKE
RUNOFF - !
m:’d"“: Sediment P ' '
on ‘ o
Dissolion  Detachment 5\roam bahk and bed
e . Transpont erosion / deposition

lncreasad size sorting
~ and P reactlﬂty

[ E R P I P T R R X LT Y N

AV Y E TN T T AN PPN RS-

)

A

i |Dissolved P ;sw.lmem P
H Ry | _. :
HE .

:| {Bioavailable P]

| QrEstimet £ 7710

"o ceuawweww

seecsewnwvees RS aLrsaa

TERRESTRIAL
PROCESSES

Figure 4. Processes mvolved in the transport of P from ;
terrestnal to aquatic ecosystems. |
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low dlssolved P concentrations  in_ subsurfaoe fow.
Excepuons may occur in organic, permeable coarse-textured
and reduced watericgged soils, with low P-sorptioncapacities.

As P is tightly sorbed by soit material, erosion determines
sediment P movement (Fig. 4). Sources of sediment P in
_streams include eroding surface soil, plant material, stream
banks, and channel beds.” Where there is a permanent
vegetatwe cover, such as forest or pasture the primary
source of sediment is from stream _bank’ eros:on This o
‘sediment wil have cheracleristics simflar fo ‘the subsol - -
material of the area, which is often of low P content. -Duning S
‘detachment and movement of sediment in runcff nd streain
flow, the finer-sized fractions of source matenal are
preferentially - eroded. and the  coarser maierial_can be
deposited. Thus, the P ‘content and reaclivtty of eroded
particulate material is usually greater than source soil. This
also means that P becomes more algal aya;lable as it moves
from the edge of a field to lake. ' '

Clearly, soit P content, runoff, and erosion aré the major
‘factors delermining P loss in runoff. As the soil test P content -
of soils susceptible to runoff or erogion increases, the
potential for P loss in runoff increases. '

As a result of these complex and interactive processes"
affecting P transport in runoff, there is a general increase in
P loss with increasing cultivation and lend dtsmrbance An -
EPA sponsored survey of 928 nonpomt SQUIcR type
watersheds in the U.S,, Shows P movement increased as the:
proportion of land as forest’ deaeased and as agﬂcultune
“increased (Fig. §). Onanarea basis, cuitlvaied and improved
pasture contribules approximateiy 3 million tons of P annually
'to surface waters; aliviost 70% of the total P load. N

. Generally, the loss of P in runoff is less than 0.5 Ibs acre". S
{Fig. 5) and, thus, not of agronomic nor economic concem o |
a farmer. However, these losses maintain dissolved P
concentrations grester than critical levels assocnated w:th_'

_accelerated eufrophication ( 10 {o 20 ppb). Consequently,
these losses can be of environmental conceimn o’ recemng
lakes.

8 ] ONRC C0595
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in runoff increases with land

cultivation and disturbance.

- Phosphorus loss.

Figure 5.



Fertility Management

Crop yield response to soil test P is shown in Figure | 6

which - conceptualizes the process of making fertilizer P
recommendations based on soil test P. Continual long-term
application of feriilizer and manures at levels exceeding crop
- requirements, can raise soll test P above levels required for
optimum crop yields in the runoff sensitive portion of surface
soil (Oto 1 inch). Once soil test P levels become excessive,

the potential for P foss, if runoff and. erosion occur, is greater

" han any agronomic benefits of further P applications. After

high levels of soil test P have been atiained, several years -

are required for significant depletion.

~In recent years, the number of soils with soil test P
exceeding levels required for optimum crop yields, has
. increased in areas -of intensive. agricultural and livestock

production. In 1989, several stale soil lest laboratories

reported that the majority of soiis analyzed had soil test P

levels in the high or excessive categories (Fig. 7). These
calegories vary between states, wlth soil test P limils ranging .

“from > 15 0 > 110 lbs P acre * for_high and from > 25 1o
>250 Ibs P acre ' for excessuve
. Of pariicular concem, is the efficient utmzauon on locally
limited land areas, of manure produced in conﬁned animal
operations. In many cases, manure applmahons have been
N based, conszdenng only "soil N content end crop N

. requirements. ‘fhis strategy can ledd to an increase in sorl .

lest P levels, due 1o the generally lower rafio of N:P.added in
manure than taken up by crops. For example, poultry litter
has an average N:P raiio of 3, whnle the N:P requ:rement of
major grain and hay crops is 8.

The potential for surface soil accumulation of Pis
" illustrated in Figure 8. if poultry litter is applied to meet crop
N requirements, the amount. of P added exceeds annual cfop
uptake of P.

A P driven strategy may mitigate the excessive build up

of soit P and et the same time_lower the sisk for nitrate

10
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N {
X 100} §
~ i
- {
w 90f b
> - :
A 60} :
O | i
5 L/
: 40 ¢
w ' -k
I I
= | i
'5 20 |- i
g !
Low :
o SOIL TESTP |

Figure 6. ‘Relative crop yield increases with soll test P, but-so'
" does the potential for environmental problems.

. ONRC 00598
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Figure 7. Percent of sojl_samples teSiing high or above for P
in 1989. Highlighted states have 50% or greater of
soil samples testing in the high or above range.

12

ONRC 00599
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.,@’-"‘; :

AMOUNT OF P
(lbs P acre-1yr-1)
50 100
] .

CROP  YIELD
acre ! e

. 3
Alfalfa = 4t 7

~ Bermuda grass 4t

Comn. | 150 bu.

.34.

- : Bl Litter P

[ Crep P
' requirement
Excess P

—— I e Cr L S e CRIP sy e o

Wheat 40 bu,

Figure 8. W rates of poullry litter application are based -.Oﬁ.
| ~crop N requirements, the amount of P_added in
litter exceeds crop P requirements.

' ONRC 00600



' ieachmg to ground water. However basing manure

applications on P rather than N management could present
several problems to many landowners. A sonl tést P-based .

stralegy coutd eliminaie much of the land area w1th a history
- of continual manure application, from further additions, as
many years are required to lower soil test P levels once they

become excessive. This would force landowners to ndentvfy""

Iarger areas of land 1o uul’ze the generated manure, further

' exacerba’ung the problem of local land area limitations.
‘Clearty, hugh soil test P levels are 3 regional problem wnth

the maority of soils in'several states lesting medium or low

(Fig. 7). For examp!e most Great Plains smls stilf require
fertilizer P for optimurh crop yields. However, Flgure 7 clearly

ilustrates that ‘problerms associated with high soil test P soils
are aggravated by the fact that many of these solls are

ocaled near sensitive water bodies such as the Great Lakes |

Chesapeake; and Delaware Bays.

Control Measures =~

Phosphorus loss from agricuttural land can be reduced by
erosion and runoff control and P source management

Erosion and runoff may be reduced by conservalion ullage '

buffer strips, riparian zones terracing, contour tilage, cover

ctops, tile drainage, and Impoundments or small reservoirs.

However, these practices’ are more efficient at reducmg

particulate P than dissolved P losses Under -oonservahon: o
tillage for example, the accumufation of crop residugs and
added P at the soll surface, provide a source of P 1o runoﬁ ,

that would be decreased dunng bllage In addition, nitrate
- movement {o ground water may increase under conseivation
comparedto convenhonal lillage. Such water quahty tradeoffs
must be weighed against the potential benefits of
conservalion measures in assessmg their effectiveness.
Further, several studies have indmad mtie decrease n Iake

productivity with réduced P inputs following imptementation of

conservation measures. The fack of biological response is

14
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attributed to an increased bioavailability of P entering the

lakes as well as intemal recycling. Clearly, effectwe remed;ai

 strategies must address the management of P as well as
erosion and runoff control.

~ Source control on soils susceptnble to P.loss involves

fertilizer piacement and the use of soil test P

o reoommendabons based on envifonmental rather than

. agwnomlc considerations to. detemﬂne P applmbon rates.

. Where possible subsuiface’ placement of P away from the

“zone of removal in runoff will reduce the potential for P loss.

However, ‘conflicts within Best Managemem Pracbces

. ,(BMP}, between SCS residus management guidelines and

' recommended subsurface ‘applications of P may exist. ‘In

_ compliance with residue conservation programs, fandowners

may be required to maintain a 30% residue ground cover.
Under this BMP, subsurface application or knifing of P
fertilizer or manure, may be recommended to minimige Ploss

in runoff, but oould be unacceplable if it reduces ;esudue

- cover. Thus, BMPs' should be flexible enough to for residue

and P management plans to be compatible. ' '

~ Assessing Site Vulnerability -

Stratégies to minimize P Joss in runoff will be most
effective if sensilive or . vulnerable sgurce areas within a '
.walershed are identified, rather than u'nplementabon of

) general strategies ovet a broad area;. Long-tenm field studies
that reliably evaluate P movement are cosuy, lengtby, and
fabor intensive. Also, use of modeis simulating the efiect of

' agricultural management on P loss in runoff oflen requires
detailed soil information_and_computer experience to fun
them. Thus, a team of scientists fed by SCS’, developed an

The leam consists ofJ Lemunyon 13 Goss G. Grlberi, J. Kimble, T. Sobecki,
USDA-SCS; A. Sharpley, USDA-ARS T. Daniel, Univ. Arkansas; T. Logan, Ohioc Slate
‘Univ.; G. Pierznyski, Kansas State Univ.; T. Sims, Univ. Delaware; and R. Stevens,
Washington State Univ.

15
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indexing system as a field tool {o identify soils vuinerable to
P loss in runoff.
Initial site ~assessment involves detennmmg if runoff or
leaching dominates water loss from a Speciﬂc area (T able ).
if runoff is negfigible and Ieaching polential is high, nitrogen
should be used o guide fertilizer or manure. app!lcaiuons If
from Table 1, surface runoff pntentaal is medium of greater
" then the P indexing system should be used. ’
The index is outlined in Tables 2 and 3. Each site’ =
characteristic aﬁewng P loss i$ arbitranly assrgﬁed a
weighting, assuming that certain meracteristxcs have a
relatively greater effeci on potential P loss ihan others The»
Ploss potential Is given a value (Table 2), allhough ‘eachuser
- must establish a rangs of values for dtﬁerent geographlc
areas. An assessment of sile vulnerabslity to P loss in runoff
is made by selecting the rating- “value for each site
- characteristic from the P index (Table 2). Each rating is
muiltiplied by the appropnate weighting factor. Weighted:
values of all site characterislics are summed and s;te,
wuinerability oblained from Table 3.

Conclusions .

There are many complex and interdependent faciors
affecting the fale and management of agricullural P m the ‘ | :
environment.  Thus, vpﬁﬁﬂ's ava.}ab%a -‘;G landowners o . R o '
remediate P-sﬁmuiaied eutrophieaﬂon of surfaoe waiers oﬂen, )
require agronomic, economic,  andfor emnronmental '
compromises. For example, conservation tillage may reduoe N ‘
total P loss in runoff buti monease i bnoavailabimy and nitrale "

leaching. Also Ilnkmg manure app\vcations may reduce soil .
test P levels but sconomically burden landowners having 16
transport manure greater distances and purchase N fertilizer
{o supplement crop N requirements.

o ey

AN

Generally, the loss of agricultural P in runoff is not of - g
economic importance 10 a farmer. However, it often leads to 3
the deferioration of water quality from accelerated ' i

16
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Table 1. Runoff index to sssess surface runoff potential.
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{r CURVE
NUMBER

<12

_ ANNUAL PRECIPITATION INCHES)
" 25-44

12- 25

44 -65

> 65

< 65

Low

Low

Low

Medium -

- High

65 - 75

Lowy

Low

tow.

Medium

High

76 - 82

Low

Medium,

Medium

High

Very high .
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> 83

Low

Medium High Very high | Very high { -

ot
W
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ble 2.
characteristics.

Case 4:05-cv-00329-GKF-PJC Document 2104-6 Filed in USDC ND/OK on 05/19/2009

Page 23 of 41

The phosphorus indexing system to rate the potential P loss runoff from site

te Characteristic
Veight)

B L T

Phosphorus Loss Potential {Value)

_h .

None {0)

Low (1} | Mediumi2) | High (&) | Very High (8)
memort Faciors T P S .Y R L 2 L RE SNSRI
Jit erosion 'Negligible <10 10-20 20-30 ->30
l5) .
snoff Class Negligible Very low Medium High Very High -
1.5) or low ' : N
hsbhows Source Eaétors, . - o .
il P test Negligible " Low Medium “High Exceéssive. |
.0} :
fertilizer None 1-15 16-45 46-75 >76
wlication applied ' :

e (0.75)9
fertilizer None Placed with |-.Incorporated !néor;ioraged Surface
wlication method applied - planter _Immediately >3 months - applied >3
.5} deeper than | before crop before crop or months
5cm -1 surface applied | before crop ]
<3 months
before crop
-ganic P source | None 115 . 16-30 30-45 >45 §
wlication rate applied ' ' '
.5)9 .
" -ganic P source None Injected Incorporated | Incorporated Surface
iplication method deeper than immediately >3 months applied
O Scm . before crop before crop or >3 months
surface applied before crop-
<3 months :
before crop
nits for soil erosion are Mg ha™
Inits for P application are kgP ha™.
1%L
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Table 3. She vulnerability to P loss as a fungtion of _;tggg!_zjggi.gbjt_gq_rg}igg values
from the index matrix. - E :

| R Total Index

Site. | _
Vulnerability Rating Value
T - .v : g
'M'e;j'i(.rﬁ — YT
o 2 - 1936 :

I R 2% T JEECL BRI P YRS SRR St I TLE SN SPR N T .

2R S IOF NI gl L

S0 e A TAT e L L BRSSPI g 1s AR s e = A

Very High

T s S,
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eutrophication, that can have significant off-site economnc
impacis. By the time 1hese impacis are mamfest remedlal
strategies are oflen difficult and expensive for the iandowner
to impfement; they cross political and regional boundaries;
and it can be several years before an improvement in water
quality occurs. Thus, identification of sources of P in runoff -
within a watershed or basin area is of pfime importance in
.iargeung cost-effective remedial stretegies to minimize P loss..
A P indexing system to rank soils as to’ their vumerablmy for
P enrichment of runoff may provide a field tool to fill this need.
Once a water body has been identified as being sensitive
to P inputs, source fields and soils vutnerable 1o P loss in
runoff mist be carefully mansged.  Options include
recommending that further P applications be made onan..
environmental rather than agronomic basis.” For soils with
a high or excessive soil test P level, options may invoive
applying no more P than removed annually by the crop.
Fertilizer and manure applications based on environmental
- considerations 1o minimize ‘potential P loss i runoff have"
been pracliced in many parls of Europe since ihe mid-70's.
Afler initial resistance to adoption of these guidelines,
landowners are now. widely understandmg and rec-eptive
Judicious P amendments can reduce P enrichment of
agricultural runoff via increased crop uptake and vegetative
‘cover. Nevertheless, it is of vital imporiance that we
implement managerment practices that mirimize soil test P
buildup in excess of crop requxrements utilize altemahve P
sources and residual soil P levels, arid improve methods
identifying soils capable of enriching bioavailable P loss in
-runoff to bring about a decrease in agricultural P loss to
surface waters. Otherwise, the perception by the public that
agriculture cannol ‘manage itself for the good of the
environment will increase. Unforilnately, the benefit of
‘remedial measures on water quatily improvement, will not be
immediately visible té a concerned public. Conseguently,
fulure research and poficy should emphasize the long-term
economic and environmental benefils of these measures.

20
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For further information contact Andrew Shaipley,
USDA-ARS, National Agriculturs! Water Quality Laboratory,
P.0. Box 1430, Durant, Oklshorna 74702:1430. Phone
(405) 924 5066: FAX (405) 924 5307.

~ Andrew N. Sharpley

" -Dr. Sharpley is a Soil Scientist ai the USDA-Agricullural
Research Service, National Agricultural Water Qualily
Laboratory, Durant, Oklahoma and Adjunct Professor of
Agmnomy. Oklahoma Stale University. He received degrees

" from the University of North Wales, United Kingdom and
Massey University, New Zealand. His research has focused
-on the cycling of phosphorus in soul—p!ant-water systems in
relation 1o soil productivity and water quality and includss the

' management of fértilizers, crop residues and animal manures.
He has developed formulations to improve model simulation
of soll chemical procésses and transport in runofi. Heis'a "
Fetlow of the American Society of Agronomy anid Soll Stience
of America, an Associate Editor of the Journal of

" Environmental Quality and Ferlilizer Research, and past Chair
of the Environmental Quality Division of the American Soc;e:y
of Agronorhy
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ABSTRACTS FOR PRESENTATIONS ON
ARKANSAS STUDIES INVOLVING PHOSPHORUS
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i

SOIL FERTILITY PHOSPHORUS STATUS OF ARKANSAS SOILS

W. E. Sabbe
_Professor
Department of Agronomy
115 Plant'Sciences
University of- Arkansas
" Fayefteville, Arkansas 72701

ABSTRACT

Phosphorus (P) fertlhty status of Arkansas smls is measured by the Mehlich3
extractant. _Among soil physiographic areas, loessla! soils have low soil test P

values, whereas the remaining ereas have similar £ distribuhon patsems {i.e.~30%"
in the !owest category and 35% in the category that would not receive a fertilizer
P tecommendabon for most crops) Among cropping systems the rice-soybean -
complex ‘contains soils with jow P slatus, whereas colton is grown on soils with

~ high P status. The P stalus of soils for forage crops différs among forage species
and as. to whether the crop is {o be establushed or mamtamed

po P A ot £ o
?/M ,Z?‘;;LPW

35377 /9/7;24«947 ’MMMW” W
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IMMOBILIZAT!ON OF PHOSPHORUS IN POULTRY LITTER WITH AL, CA
AND FE AMENDMENTS

“Philip Moore
USDA/Agricultural Research Service
115 Plant Sciences
University of Arkansas -

Fayetleville, Arkansas 72701

: ABSTRACT

Arkansas produces approxnmately one billion broilers each year. Phosphorus (P)
runoff from ﬁeids reeervmg poultry lllter is believed to be one of the pnmary factors
affecting water quamy in Northwest Arkansas ‘Poultry litter contains approximalely
40 g P kg™, of which about 2 g P kg™ is water soluble. The objsctive of this study
was to determirie if P in poullyy fitter could be precipitated with Al, Ca, ahdlor Fe
amendmients. Poullry litter was amended with alum sodium aluminate, quick lime,
siaked lime, calcitic lfmestone dolomitic limestone gypsum, fermus ‘chloride, ferric -
chioride, fefrous susfale and ferric sulfate and mmbated in the dark at 25°C for one
week. The Ca treatments were tested Wllh and without CaF, additions in an’
attempt 1o precipitate fluorapatite. At thie end of the incubation period, the litler was -
extracted with delonized water, and water scluble P was détermined. Water
soluble P levels in the pouttry litter were reduced from over 2,000 mg p kg™ litter
fo less than 1 mg P kg™ litter with the addition of alum, qux:k fime, slaked lime,
ferrous chioride, ferric chloride, ferrous sulfate and ferric sulfate under favorable -
pH conditions. Gypsum and sodium aluminate reduced water solubleé P leveis by
50 to 60 percent. Calcitic and dolomitic Kmestone werd leés effective. The results
of this study suggest that treating iitter prior to field application with some of these
compounds could reduce the-amount of soluble P in runoff from litfer-amended
pastures by ordérs of magnilude. Therefore, chemical additions 1o reduce soluble
P in litter may be a best’ management practice in situations where eutroph}cation
of adjacenl water bodies due to P runoff has been identified. ‘Preluminary
calculations indicate that this practice should be eoonomlcany feas:bie with-at least
two of these oompounds. However, more research is needeéd to detérmine any
beneficial and/or detrimental. aspects of this practice.
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TRANSPORT OF PHOSPHORGS 'FROM LAND AREAS TREATED WITH
ANIMAL MANURES

Dwayne R. Edwards
Assistant Professor
Depanment Bmlogacal ‘and Agmuttural Engmeenng
232 Engmeenng Burldmg '
University of A{kansas
Fayelteville, Arkansas 72701

ABSTRACT

'mis report summarizes two years ploi-smle research into phosphorus transpon L
dynamkcs Ammal manures (pounry litter, poultry manure, swine manure) and
inorganic - fertilizer were applied 10 small (1.5 x 6 m) ploté covered with "taﬂ" .
fescue. The plots are located at the Mair Agriclural Experiment Station‘in . .
Fayetteville, Arkansas, and the - $oil af the fesearch site is" a Captina_silt loam.
LRainfait simulators were used to produce runoff from. the p!ots Various .
‘experiments were conducted to’ define the influences of phosphorus source,
phosphorus application raté, rainfall intensity, drying ingrval between phosphorus
application and simulated rainfall, and multiple stotms on runatf cencenirations of
both total and dissolved reattive phosphiorus. Flow—weight composﬂe samples
were analyzed for all plots, and individual samples colleéted during runoff were
analyzed for selecled treatment - replications. ‘Flow-weighted mean. runoff
phosphorus concentrations were simnlar between animal manures and were lower .
for animal manure phosphorus soumes than for the inorganic phosphorus source
for the first post~applmtron runoff event. Rurioff phosphorus concentrations -
increased in direct proportion o phosphorus foading rate and decreased with
increasing simulated rainfall Inténsity for the first post-applmtion runoff event;
Drying intervals of from 1 to 14 days between application and i rst runoff event did
not influence runoff phosphiorus concentrataons for piots treated with swine manure .
and poultry litter. Runoff concentraiions of phosphonis decreased rapidly with
successive- storms for plots treated with poullry litter and inorganic feitilizer,
approaching background igvels after three simulated storms. Analyses of individual
samples coliected during runcff indicated that runoff concentrations of both total
‘and dissolved reactive phosphorus are generally inversely proporttonal © runoff
rate.
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SPATIAL RELATIONSHIPS BETWEEN PHOSPHORUS AND AQUEOUS
PHOSPHORUS CONCENTRATIONS IN THE WAR EAGLE WATERSHED

H,Don Scott
Professor
Department of Agronomy
Agriculture Building 1058

University of Arkansas
Fayeteville, Arkansas 72701

ABSTRACT

in recent years there had be en increased concern aboul the surface water quahty
in Northwest Arkansas. The general pubhc opinion seems to be: that wastes from
agricultural practices such as poullry ‘and swine operatlons are pnmarily
responsible for most of any reduction in water quaﬁty _The assumption is that
excessive quantlties of nutrients from these mosfly orgamc fert;hzers are reaching
surface waters; thus, increasing agqueous nutrient concentrauons to high Ieveis
Of the three major fertilizer elements, phosphoms {P) seems to be the growth
miting factor for many aqualic microblologrcal popu[ations Research in large .
reservoirs has shown that there is a dnrect relatlonsmp between algal populatsons
and P concenirations. Therefore, ihe. focus upon the fate of P in the environment
has resulied in numerous models that predict the form and movement of P across
the Iandsmpe‘ One such model is the Phosphorus index (P1). This model was
desrgned fo assess influencing landforms and management practnces for potenﬁal
risks of P movement io weter bodies. The model identifies sites whese risks of
movement may be relatively higher than -at other siles. ‘The required input
parameters of the PI model can be oblained from a geographic information
systems (GIS) database sllowing the spatial characteristics of the database lo be
incorporated into the P model. This study used a-GiS with the Pt model along
with available soil P concentrations in the War Eagle watershed. Spatial atiributes
of soils, geology, and land usefland cover were digitized. The glant- available P
concentrations in the various solls of the watershed were obtained from the county
extension office. The land usefand cover database allowed a ranking of pésture
qualrty and the location of pastures with evidence of fertilization. The GIS software
GRASS was used to compute Pl vslues for the watershed and to predict
movemeni of P across the walershed. The P movement across the landscape
was related to the agueous P concentrations in the water samples taken along
War Eagle Creek by personnelof the Department of Pollution Control and £cology.
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PHOSPHORUS DYNAMICS IN STREAMS AND RESERVO]RS oF THE
WESTERN OZARK PLATEAU

Richard L. Meyer
Professor
Depariment of Biological Sciences
515 Science and Engineering
University of Arkansas
Fayetteville, Arkansas 72701

ABSTRACT

The western edge of the ozark ptaleau ecoregion contains free-flowing streams:
and streams impourided by feServoir. The Buffa!o National River represents the
free-flowing Stream and serves as the ecoregmn reference stream. Many of the
streams are impounded for drinking water résources  and/or. recreation. The
fongitudinal and seasonal dynamics of soluble reaclive phosphorus—P (SRP-P) is.
described for representative streams and ampoundments _The role of periphyton
and phytoplankion is discussed. Also, the mpuﬂance of SRP-P m limiting algal
community growth is addressed.

27
ONRC 00614



Case 4:05-cv-00329-GKF-PJC  Document 2104-6 Filed in USDC ND/OK on 05/19/2009 Page 33 of 41

MINIMIZING LAKE AND RESERVOIR EUTROPHICATION BY PHOSPHORUS -
MANAGEMENT L

Tommy C. Daniel
Professor
Department of Agronomy

112 Plant Sciences
University of Arkansas
Fayetlevilie, Arkansas 72701

ABSTRACT

Phosphorus (P} is identified as the nutrien! which limits excessive production of .-~
aquatic weeds and algae in lakes and reservoirs. Thergfore, nutrient management

- programs should focus on this nutrient to minimize eutrophication from agricultural
nonpoint-source pollition- in targeted water bodigs. Phosphorous chemistry Is
reviewed with an aim toward putting jmportant runoff P paramelers in proper -
perspeciive. important sources are presented and special attention is given to
runoff P from animal wasle ‘and, solls with elevated P levels. | A systematic
. procedure for construcling a cost-effective managementprogram designed fo limit
eutrophication from agricultural nonpoint pollution is presemied. Included are
procedures to; 1) select P-sensitive fakesireservoirs, 2) identify target areas or "hot
spots” in the walershed where land implementation of best management practices

. should be focused, and 3) identify specific fields o be treated using a P-indexing

. approach. A discussion of Best Management Pracltices {BMPs) that focus- on

miting runoff P is presented.

L ot
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BIOGRAPHICAL SKETCHES |
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TOMMY C. DANIEL -

~ Dr. Daniel is a Professor of Agronomy at the Umversuty of Arkansas in
Fayettevilie, Arkansas. He holds a B. $. in Agronomy- from Texas A&M Universiy,
a M.S. in Horliculture and a Ph.D. in Smls~Water Chem:siry from the Universnty of
Wisconsin in Madison, Wisconsin. Dr. Danle!'s areas of specialtzatton are waler

quality, nonpoint pollution, contaminant transporl, runofl, and leachmg Before

coming to the University of Arkansas ‘he was a professor of Soil Sc:ence atthe
.Unwersily of Wisconsin. meessor Daniel's most recent publscaﬂons include
Comparison of PRZM simulate and measuu'ed pesuclde mobility under two tillage

systems and Mscrolysmeter soil column for evaluating pesticide movement 1hrough
the rool zone

' nwn';vns R. EDWARDS

or. Edwards IS currently Ass;stant Professor in the Blo!ogucal and

- Agricultural Engmeenng Department at the University of Arkansas in Fayeltevile.
_A new course, Modeling of Water Quality Processes, has been developed and

approval has been secured by Dr. Edwards. He earned his B.S. and MS./in -

Agricultural Engmeenng at the University of Arkansas in 1984 and 1986,,

respectwely and a Ph D.in Agncultural E,ngineenng at Oklahoma State Universrty

......

management and conservatlon and nonpoint pollutlon Dr Edwards has semred

‘significant extemnal support to develop a research program in the water quality area

with emiphasis on nmpacts of animal waste on surface water and has recruted - ©

. graduate students o bulid a research progrem capable of addressina malor

environmental issues related to agticuliura! production He is the leader of an
externally funded project 1o develop information on: effects “of control practice
implementation on water quality in areas trealed with ammal wastes and a-co-

leader of an externally funded project which has led o the acquisttion of

benchmark data on water quality effects of iand-applied animal waste. Dr.

Edwards is a member of the American Society of Agnm!!ural Engineers, American

Society of Engineering Education, American Water Resources Assacratlon. Alpha
Epsilon, Gamma S:gma Delta and other professmnal and honorary societies. Dr.

 Edwards has recsived the Region IV U.S. Environmental Protection Agency

Environmental Excellence Award in 1992 Halliburion Award for Quistanding
Researchin 1882, and Honorable Ment:on Transacttons of the ASA€ 1989 Paper
Awards.

)
s
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RICHARD L. MEYER

Dr. Meyer is currently a Professor at the University of Arkansas in the
Department of Botany and Microbiology and Associate Director of the Arkansas
Water Resources Center. He received his B.S. degree in Biolegy and Education
at Missouri Valley Coliege, Marshall, Missouri in 1954 and a Ph.D. in Botany and
Zoology at the University of Minnesota In 1965. Research activiﬁes in the

- Phycology Laboratory includes taxonomy, systematms phylogeny and
developmenial morphology of desmids and chrysophycean algae. ‘Additional
research Involves studies on the ecalogy of phytoplankton populations in large and
small reservoirs. Research on the penphyhc algae in streams stresses vaniations
in geological ‘substrates, nutrient condslmns determination of thermal regimes and
the influence of flow on subcommunity struciure. Dr. Meyer Is a member of the
American Water Resources Association, Arkansas Section of American Water
Rescurces AssocC., American Association for the Advancemenl of Science, Sigma
Xi and various other professional orgamzatvons .

PHIL!P MOORE

Dr. Moore received a B.S. in Solf Science and M.S. in Agronomy from the
University of Arkansas. He received a Ph. D _in Marine Smences from LSU. His
major professor al LSU was .Bill' Patrick, the director of the, Wetland
Biogeochemistry Institute. While at LSU, Moore received both a ‘Fulbright and a -
Rockefeller Scholarship. He then studied the geochemxsn'y of phosphorus in lakes
at the University of Florida as a Post—doc In 1990, he went to work for the
University of Arkansas at ihe Southeast Research and Extens:on Centsr in

¢ ) Monticello where his research focused on water quality problems associated with
rice production, Last August, he began working for USDAJARS in Fayettev'ﬂle

where he is investigating methods of improving the agncultural utilization of pouttry

" litter, while decreasmg any negative envuronmenta! impacts of this resource.

WAYNE E. SABEE

Dr. Sabbe received B.S. at North Dakota State University and Ph.D. at
Oklahoma State University. He worked for the USDA-ARS as a Cotton Physiologist
at University of Arkansas from 1983-1966. Since 1966 he has been at the
Unwersﬂy of Arkansas with the Departmant of Agronomy as an Ass;stant Professor
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from 1966-1970, Associate Professor from 1570-1878, and Professor from 1975 '
to the present time. Cumently he has responsibiiity for the overall Soil Testing
Program. Dr Sabbe was bom, raised and educated in North Pakota.

H. DON SCOTT

Dr. Scolt is currently a Professor of Soil Physics in the Depariment of
Agronomy, Associale Director of the Arkansas Water Resources Center, and
Associate Director of the Center fof Advanced Spatial Techniologies. He received
his B.S. in Crop Science Bt N. C. Stale Univérsity in 1966, & M.S. in Soil Science
at N. C. State University in 1968, and a Ph.D. ffom the University of Kentucky in
1971. Dr. Scoit conducts research in soi and water management. These

. research studies have centered around the' effects of drought and properly
scheduled irrigation on the growth, dévelopment and yield of soybeans grown in
the mid South, franspor{ of water and solutes In soils, the spatial and temporal
variabllity of soil properties in the landscape, and the use of gedgraphic information -

_ systems for water quality analysis. He has published over 110 publications. In
‘addition, he and his students have made 76 presentations on their research at :
regional and national scientific meetings. Dr. Scoit hé's‘d’taveloﬁéd'oou'fses in Soil o i
Physics, Advanced Soll Physics, Mathematical Modeling foi the Life Sciefices and
Honors Colloguium in Agriculture. He has twice been invited fo serve as a member

- of the nationat water quality research review panel for USDA, areview panelist for

the competitive grants in the U.S. westem région o féle and tidhspoit of olules, T
and was a meinber of the review periel for one year and was 16pic manager for. o t

USDA-Small Business Incentive Research grants in the soil-air-water section. Dr.
Scott is a member of the American Society of Agronomy, Soil Science Society of
America, CAST, Sigma Xi, and Gamma Sigma Della. S ' ) : i
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BIOGRAPHICAL SKETCHES
' OF PANEL MEMBERS
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ALLEN CARTER

Allen Carter began work for the Arkansas Game and Fish Commission in
1972 as fisheries biologist in training. He had hatchery duties for six months, creel
clerk and assistant district fisheriés biologist for approximately two years, district
fisheries biologist for six 'years, fisheries regionat supemsor for three and a half
years, and fisheries assistant chief for three years. ‘Allen's current position is the
Fisheries Chief for the Arkansas Game and Fish Commission that he has held for
five and 8 half years. He received a B.S. degree in Wildlife ' Management from
Arkansas Tech University in 1972 and an M.S. degreee n ‘Biology from Arkansas
State University in 1984. Allen is an Arkansas nalive.

JOHN GIESE

John Giese is Chief of the Environmental Preservation Division of the

- Arkansas Department of Pollution Contral and Ecology. ‘He began.working for the-
department in 1968 as a technician in the wet chemistry laboratory. In 1971, he
was promoted to an ecologist posihon in the Water Division.” While serving as an- -
ecologist, he conducted numerous investigations of pollution problems, developed
experience in investigative procedures involved in sampling of aquatic lile,

" collection of water. samples, bacteriological sampling, toxicological studies, and
report preparation. In 1990, _he was selected (o fill the Chiéfs position in the newly
developed Environmental Preservation Division. Curreni areas of résponsibility
involve review and revision of envirohmenial regulations, technical writing, data
assessment. -and program developmeént. He receivéd a B.S. in Biology st the
Arkansas Technical Unitversity n ‘!967 and an M.5. in Qcmnce from the Unwersnv
of Arkansas, Fayetteville in 1972, ‘

TOM MCK!NNEY

Tom McKinney is the Adriinistrative Director fof the Northwest Arkansas
Environmentel Guardianship, a group thet seeks 1o build working relationships
between the business sector and environmental orgamzatsons {o address lotat.and
regional environmental problems. He has been active with the Sierra Club in
Arkansas for almost twenty yéars. Tom has been ihe Chair of his local group in
‘north Arkansas, the Ozark Headwaters Group, as wellas the Chapter Chair of the
Arkansas Sierra Club. He is comently serving as the Chapter Conservation Chair
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_responsible for coordinaling the conservation activities of the 2,000 Sierra Club
members in Arkansas. Currently, these efforts inciude working to address non-
point source water poliution problems, an ongoing effort to reform the US! ‘Forest
Service into a mulfipie use orgamzahon rather than its current stalus’ of indastrial
tree farmers, and efforts fo proteci Arkansan's free flowing streams. Tomis a
native son of Arkansas currently living in West Fork in northwest Arkansas.

RONNIE MURPHY

Romue Murphy was selected as state Conservationist for Atkansas in 1991
and currently holds that position. He has served as soiwonservauonist economist,
area conservalionis!, and assistant state conservationist i ‘various locations in
Alabama, linois, and Nebraska. He has served as !egsslauve assistsnt in
Washington, D.C. anid Deputy -State Conservationist in Arkansas. Ronnie was
detail to the Lower Mississippl Delta Development Commission to assist in the -
development of its plan to improve the economic conditions in the Delts region. He
earned a B.S. and M.S, degreein Agnwﬂural Economics from Aubum Univarsity

and a Master of Public Administration from Harvard Born in Florence, Alabama,
Ronnie was raised on the family farm.

ANDREW N. SHARPLEY

Dr. Sharpley Is a Soil Scientist at the USDA-Agricultural Research Servite,

National Agnwﬂural Water Qualily Laboratory, Durant, Oklahoma and Adjunct

» Professor of Agronomy, Oklahoma Slate Universily. He received degrees from the

F University of North Wales, United Kingdom and Masséy University, New Zea%and ‘

His research has focused on the cycling of phosphoms in soi-plant-water systems
in relation 1o soil productivity and waler quality and includes the management of
fertilizers, crop residues and enimal manures, He has. developed formulations to
improve model simutation of soil chemical processes ‘anét transport In runoff. He
is a Fellow of the American Socnety of Agronomy and Soit Science of Arnerica an
Assodiate Editor of the Journal of Environmental Quality and Ferlilizer Reseawch, .
aid past Chair of 1he Environmental Quality Divnsion ‘of the American Sodety of -
Agronomy.
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EARL SMITH

' Earl Smith graduated-from the Umversﬂy of Arkansas, ?ayet{ewue in 1973
with a M.S. in Environmental Englneuenng in 1985 he accepted the position of
Chief, Water Resources Management Division of the Arkansas Soil and Waler
Conservation Commission. Ear has served in an advisory capacaiy to the,
Governor's Animal Waste Task Force and has superv:sory oversight of personriel
in fulﬁilmg the Commission's responmbdﬂy as the slate’s Jead agency in nonpoint
source poilution - management.” He has provided. key staff support in the
‘development and adoption of Rules and ‘Reguiations for Utilization of Surfaee _
Water, Rules for Utilization of Ground Water and Rules for water Oevelopmeni B
Project compliance with the Arkansas Water Plan. Leadership and supervisory
versight has been provided by Earl in the estabﬁshmem of mmimum streamﬁows
~ of the American Socseiy of Civii Eng:neers anda member of the Nataonai Socsety
- of Professional Engineers. ‘
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